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(57)  The invention concerns the technology and
equipment for refining metallic wastes unsuitable for di-
rect processing in blast furnaces or in steel-making plants
because of their high zinc content, such as slurries or
dust extracted from steel-making equipment. As a rule,
the zinc content in a blast furnace charge is limited to
150 g Zn per ton of furnace charge.

The essence of the invention consists of the reduc-
tion of zinc, lead, and cadmium oxides, the evaporation
of said metals, and their subsequent oxidation on the
combustion front and in the oxidation zone, as a result
of which the dust that originates is extracted from the free
furnace space above the charge; at the same time as
zinc, lead, and cadmium evaporate, iron is reduced.

The process is based on the separation of the oxi-
dising and reduction zones in a rotating furnace providing
for intense heat and mass transfer.

The reduction zone is found in the part of the furnace

accommodating the charge in a condensed phase
where, as aresult of the actions of the heat and reduction
processes, the charge is modified to the output product
with a significantly reduced zinc, lead, and cadmium con-
tent. The reduction environment in the reduction zone is
achieved by the addition of materials with a high carbon
content or metallic iron.

The oxidation zone is located in the part of the fur-
nace containing combustion products where the reduc-
tion products, such as carbon monoxide and metals in
gaseous form (e.g. zinc), are oxidised to produce gases
and dust. The oxidation zone is created by feeding oxy-
gen or preheated air into the furnace space above the
charge, where the quantity of oxygen/air supplied should
be such that the CO, content in the combustion products
at the end of the rotary furnace is at least twice as high
as that of CO.
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Fig. 1 Examples of temperature, Zn/Pb content, and metallisation values vs. time curves
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Description

[0001] The invention concerns the technology and equipment needed for refining metallic wastes that are unsuitable
for direct processing in a blast furnace and other steel-making equipment as a result of the high contents of zinc, lead,
and cadmium, including slurries and dust associated with the steel-making processes. As a rule, the zinc content in the
blast-furnace charge is limited to 150 g of zinc per ton.

[0002] The principle of the process concerned is the reduction of zinc, lead, and cadmium oxides, from which the
gases of said metals originate, their subsequent oxidation on the combustion front and in the furnace oxidation zone
creating dust that can easily be exhausted from the free space above the furnace charge where, simultaneously with
the evaporation of zinc, lead, and cadmium, iron is reduced with a resulting charge metallisation of 25 to 100%.
[0003] The essential features of the process are the separation of the oxidation and reduction zones in a rotary furnace
and intense heat and mass transfer.

[0004] The reduction zone is located in the furnace part accommodating the charge in a condensed form that, as a
result of the actions of heat and reduction processes, is gradually modified into an output product with a significantly
reduced zinc, lead, and cadmium content. The reduction environment in the furnace is created by the addition to the
furnace charge of materials with a high carbon content.

[0005] The oxidation zone is located above the charge where the combustion products are found and where the
reduction products, mainly carbon monoxide and metals including zinc in gaseous form, are oxidised to produce gases
and dust. The oxidation zone is created by feeding a sufficient quantity of oxygen or hot air into the space above the
charge to ensure that the CO, content in the combustion products at the end of the rotary furnace is at least twice as
high as that of CO.

[0006] As metallurgical wastes today tend to contain ever larger quantities of zinc, the separation of zinc from metallic
wastes has become an issue. The key process parameter is the length of time the charge stays in the furnace following
the separation of zinc (and lead and cadmium) from the input material. The refining process products are reduced iron,
exhausted dust rich in zinc, lead, and cadmium, and inert slag.

State-of-the-art technology

[0007] A number of waste-processing technologies are currently being developed. This fact is indicative of the existing
problems with the processing of metallic wastes and the growing awareness of the ecological aspects of metallurgical
processes in general. So far, there has been no winner in the race for the best waste-processing methods and the most
efficient and controlled waste refining. The following process solutions are being considered or implemented:

e directcharge reduction in arotary carrier furnace; this technology has been developed and introduced on an industrial
scale in Japan, while similar development projects in Europe have been discontinued;

e charge-melting processes in an electric-arc furnace - a modem trend, in particular in Europe;

¢ charge reduction and smelting in a rotary furnace; a solution currently in the development stage.

[0008] A review of the present state of affairs has revealed (see below) that various technologies for the processing
of metallic ores and wastes have been developed and some of them are at the stage of initial industrial implementation.
The processes are mainly intended for rich ores and the associated equipment is suited to the commercial production
of directly reduced products.

[0009] The ZERO WASTE process is a technology for the processing of steel-making slag aimed at the reduction of
easily-reduced oxides of metals such as iron, manganese, and, in the case of wastes from the stainless steel-making
processes, chromium, nickel, and molybdenum, with modification of the slag composition so that the final product can
be used as a hydraulic binding agent. The process, which is carried out in a ladle-furnace type of equipment, implies
reduced generation of CO,. This technology was tested within an EU-sponsored project on pilot equipment at the
company VITKOVICE - Strojirenstvi. The main technical challenges here are the lifetime of the injection tubes, slag
fluidity control, and the shape and design of the furnace.

[0010] The PRIMUS process started a trial run in 2000. At present the technology is used for the processing of dust
exhausts from electric-arc furnaces and scale from rolling mills. The process is based on the Herreshoff-Wedgen multi-
storey stoking furnace, which was frequently used in the past for ore roasting. The material is continuously fed to the
central part of the platform at the top storey of the furnace, where stoking arms stir and transfer it to the platform edge,
from where it falls to the bottom storey. The furnace is vertically divided into several zones, where various chemical
reactions take place, corresponding to the zone temperatures. In the top zone the charge is dried, and in the middle
zone it is pre-heated and calcined, while any oils present evaporate. In the bottom zone, with the highest temperature,
the charge is reduced and zinc and lead evaporate. These metals are consequently re-burnt and leave the process in
the form of dust. After a year’s operation, the equipment had not attained its projected capacity. The reason for this
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failure is the re-calcination of the iron oxides at the process stage when the distillation of oils and of the volatile coal
constituents has been completed. During the re-calcining process, ferrous carbonate tends to stick to the stirring arms,
meaning that the material flow through the furnace is disrupted. Even though this equipment provides for the satisfactory
refining of metallic wastes, its complexity and operational problems make it rather inefficient and cast doubts on the
feasibility of a return on the associated investments.

[0011] The company NIPPON STEEL developed the NSC process, consisting of charge smelting and reduction in a
pit furnace. The furnace fuel is municipal waste. In the pit furnace the wastes are smelted and vitrified. The exhaust
gases, which have a high content of chemical heat, are utilised in associated equipment. NSC plants are widely used
for municipal waste processing. An important part of the technology is waste feeding at various furnace levels.

[0012] The Comet process uses a rotary hearth furnace (RHF). The hearth is rotated at the centre of a circular furnace
tunnel and a mixture of dry crushed coal and iron ore spread in a thin layer is continuously fed into it. For the purposes
of desulphurisation, small quantities of limestone or slaked lime are mixed with the coal. In connection with the extension
of the pilot equipment to an industrial plant with a capacity of 750 kt/year, several serious problems arose. The temper-
atures in the hearth zone increased to 1425-1520°C, as a result of which the dust generated during the process reacted
at such high temperatures with the furnace lining, causing its rapid degradation. The process stability was not satisfactory
even prior to the intended enlargement of the pilot equipment (by about 50 times). Neither was it possible to achieve
the desired homogeneity of the material (mixing of the charge components) necessary for the smooth refining of metallic
wastes.

[0013] Midrex, jointly with Kobe Steel, developed their proprietary process ITMK3, consisting of the reduction of metallic
wastes in a rotary carrier furnace. The pilot equipment of this type, with a hearth diameter of 4 m, was erected at the
Kakogawa Works. The size of the pilot equipment indicates that the process is still in the stage of development. The
leading idea of the separation of the slag and metal phases in a semi-liquid state is very interesting. What is demanding
from the technological point of view is the preparation of the pellets and the stabilisation of their chemical and phase
composition. A specific problem is the potential interaction of the slag phase with the ceramic parts of the furnace hearth.
[0014] The purpose ofthe OXYFINE process is the sintering and drying of powder materials. It facilitates the processing
of sediments transported either by pressure air or a sludger. The waste is injected into the centre of an oxy-gas burner
flame, where it melts and the combustible components burn up. The oxidation level is low. For example, this method is
suitable for the processing of fell fractions from the FeSi production process. During the waste processing the solid
particles melt and the slag accumulates at the bottom of the reactor vessel. The burner flame can melt both dry and wet
wastes (up to a humidity content of 65%). The essential precondition for the correct functioning of the method is the
perfect dispersal (atomisation) of the waste processed.

[0015] The CONTOP process uses melting cyclone equipmentfor melting materials at very high temperatures (between
1800 and 2000°C). It is suitable for melting both metals and metal oxides. As reduction cannot be achieved in the melting
zone, the process developers plan to add to the cyclone a fixed hearth where reduction could take place, if needed. The
equipment is intended for the processing of hazardous wastes such as old paints or organic wastes, the liquidation of
which is generally difficult. The heat generated may be used for heating purposes.

[0016] The TECNORED low-shaft vertical furnace is being developed as a joint project by DANIELI-CORUS as an
alternative pig-iron production process, eliminating the need for coke. This process, allegedly suitable for waste process-
ing too, is based on long-term experience with the development of low-shaft vertical kilns in the former German Democratic
Republic and in Liege, Belgium in the 1950s. The development work is still continuing. The main advantages of the
process consist of the use of self-reducing pellets and the splitting of the furnace shaft. The problematic aspect appears
to be the generation of the hot-air blast needed for the processing of wastes containing greater quantities of zinc. The
processing of wastes containing zinc is accompanied by the generation of large quantities of dust, causing a deterioration
of the heat transfer in the recuperators. The published process information is silent about the interaction between the
dust and furnace charge, reduced furnace throughput, and the associated lower quality of the metallic waste refining
process.

[0017] The main problems associated with the OXYCUP process used for the removal of Zn from metallic wastes
(where the Zn content is between 0.5 and 5%) are the low boiling-point temperature of the metal and high boiling-point
temperatures of the metal oxides. Metallic-zinc vapours condense easily, while the oxides remain at metallurgical tem-
peratures in solid state. Another problem arises because the oxidised Zn vapours produce very fine dust that adheres
to practically all types of surfaces. In general, the behaviour patterns of Zn and Pb are rather complex. In slurry, these
elements do not appear in their metallic form and oxides only; interactions between zinc oxides and iron oxides give
rise to complex forms, where the situation may further be complicated by the presence of chlorides and fluorides.
[0018] The technology used for iron ore processing in a rotary furnace with the reduction of iron and ore is well known.
There are different types of design of the inner furnace cylinder where iron reduction may take place in either a solid or
liquid condition. However, the most frequently used type is reduction in a pasty condition (so-called nodulising). Here
the furnace is longer and the output temperature higher. Under suitable conditions the reduced iron forms clusters
(nodules). The whole process is called nodulising and the furnace segment where the nodules are formed is known as
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the nodulising range. Nodulising requires temperatures of 1250 to 1300°C and a special design of the neck ring at the
furnace output, ensuring the balanced reducing and oxidising environment necessary for the formation of the nodules.
Moreover, the slag needs to have a specific viscosity so as to prevent the nodules from sinking and sticking to the
furnace lining. A certain degree of slag acidity needs be maintained too; that is why nodulising is primarily suitable for
the processing of acidic ores. A typical nodulising plant includes furnaces 60 m long and with an external diameter of
3.6 m. The furnace rotation speed is approximately 1 r.p.m. However, larger furnaces can also be found. The nodule
size depends on the viscosity of the slag and the length of the nodulising range where, under optimum conditions, most
nodules are 2 to 8 mm in diameter. The most common problems associated with this technology are the process efficiency
and short lifetime of the furnace lining. The subsequent processing of the nodules depends on their composition. They
usually have a high phosphorus and sulphur content and are used as a charge component in blast furnaces. They may
also be added to electric furnaces at the cost of extended periods of dephosphorising and desulphurising. Attempts
have also been made to melt nodules in cylindrical furnaces where desulphurising was taken care of by solid lime.
However, such furnaces are primarily used as metallurgical equipment for iron and ore reduction, not for the purposes
of metal waste refining and the controlled separation of Zn, Pb, and Cd.

[0019] The advantages of rotating furnaces in the field of iron- and steel-making have given rise to numerous tech-
nologies and patented processes. Regarding steel-making, the following patent documents are known:

EP 0134336, describing the use of a rotating furnace in combination with secondary metallurgy and continuous
steel casting;

EP 0933436, describing the use of a rotating furnace for the melting and heating of directly reduced iron and its
desulphurisation;

WO 94/11536, describing a continuous rotating furnace divided into two sections, where Section One is used for
preheating and smelting and Section Two for heating the molten metal to the required temperature. Section Two
includes equipment for injecting carbon into the molten metal;

WO 95/29137, describing the removal of slag from metallurgical equipment, including rotating furnaces;

WO 99/60172, describing a continuous rotating furnace divided into two sections, where Section One is used for
preheating and smelting and Section Two for heating the molten metal to the required temperature. Section Two
includes equipment for injecting carbon into the molten metal. Vacuum equipment, the purpose of which is pumping
the molten steel from the rotating furnace, is attached to the end of Section Two;

US 4105438 describes rotating furnace equipment and the removal of molten steel by vacuum suction;

US 3991987, describing a combination of a rotating furnace and electric-arc furnace. The purpose of the rotating
furnace is heating the molten metal to the required temperature;

US 3514280, describing a continuous process of steel-making by melting in a rotating furnace. The rotating furnace
is equipped with a pair of burners located opposite each other. The molten metal leaves the furnace through a
siphon device;

US 4062674, describing a high-speed rotating furnace for iron- and steel-making. The speed of rotation is so high
that the centrifugal force keeps the furnace charge pressed against the internal furnace body;

US 3689251, describing a combination of rotating furnaces for the direct reducing and subsequent smelting and
processing of molten steel;

US 5163997, describing equipment for continuous steel-making by melting in a rotating furnace. The rotating furnace
is divided into two sections and equipped with a pair of burners located on opposite sides of the furnace. The burner
at the charging end serves the purpose of finish burning and the pre-heating of the solid charge;

WO 91/07127, describing a rotating furnace for burning hazardous wastes and the subsequent melting of the
resulting slag;

EP 0442040, describing equipment for pellet reducing, and

EP 0982407, describing equipment for the melting of inorganic substances injected under a flame.

[0020] Regarding metal casting, the following patent documents are known:
US 5141208, describing a series combination of two furnaces, of which one serves the purpose of metal smelting
and the other is used for pre-heating, and
EU 0673887, describing furnaces commonly used for metal casting.
[0021] Since 2000, the interest in rotating furnaces in the U.S.A. has remained high.
US 2001/6012 describes equipment for continuous metal smelting in a rotating furnace. The equipment includes

several nozzles, burners, and a conveyor for continuous furnace charging. The heat generated in the combustion
products from the melting zone is used to pre-heat the charge in the respective furnace section.
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US 2002/130448 describes a rather complex piece of equipment including a rotating furnace and used for the
production of pig-iron or steel directly from iron ore. The equipment further includes a reactor where metal oxides
in gaseous form are reduced. The reducing reactor may be a pit furnace, but the author of the patent is of the opinion
that any equipment facilitating the direct reduction of oxides in gaseous form may be used. The partly reduced
product, in a hot condition, is transferred to a long rotating furnace, where the reduction and melting are completed.
The same equipment permits the decarbonisation of the charge. Therefore the patent documentation describes
universal continuous-process equipment in which the individual process stages are separated and executed in
specific equipment zones.

EP 0441052 and US P 5188658 describe equipment based on an electric-arc furnace for the processing of wastes,
including zinc. Apart from the waste-processing equipment itself, the patent describes a special furnace atmosphere:
a slightly reducing environment with a CO, to CO ratio below 0.3. Evaporated zinc and other volatile metals are
trapped in metallic forms.

CZ 295780 concerns a steel-making process using a rotating furnace including the processing of metallurgical
wastes on molten iron with a higher carbon content. The limitation of this technology is the composition of the charge,
in which the waste content should not exceed 50%. The output of the patented process is molten metal to be further
processed using standard steelworks technologies. The processing of a charge with a lower waste content ensures
a lower zinc content in the separated dust.

CZ 297878 concerns the processing of metallic wastes with a relatively high zinc content (in excess of 5%). The
patent does not specify any pre-processing of the raw material or subsequent removal of iron from the zinc con-
centrate.

The essence of the patent

[0022] The patent concerns the refining of metallic wastes containing zinc and their conversion to usable raw material
using fossil fuels and oxygen or air with a higher oxygen content or preheated air in a rotating oven-type furnace. The
proposed method consists of reducing metallic wastes including zinc, lead, and cadmium and their controlled refining
in a rotating oven-type furnace or a group of rotating oven-type furnaces operated on a batch or continuous basis under
conditions of intensive heat transfer and a specific refining process schedule to ensure the composition of the output
product and a consistency suitable for subsequent processing using standard metallurgical equipment. Said conditions
can be created in a rotating oven-type furnace where the heat source is fossil fuels in combination with oxygen or air
with an increased oxygen content or preheated air. The desired production capacity can be achieved by selecting a
rotating oven-type furnace of an appropriate size or a group of such furnaces. Unlike the conditions in other similar
equipment, good heat transfer is ensured by the stirring of the charge.

[0023] The processed wastes result in the following three products:

e directly reduced iron in the form of sponge iron, nodules, or in a molten state;
e separated dust rich in zinc, lead, and cadmium oxides representing in excess of 30% of the total content;
¢ inert slag suitable for subsequent use in civil engineering or metallurgy.

[0024] The processing of metallic wastes takes place in a rotating oven-type furnace or a group of such furnaces
where the rotating oven-type-furnace is filled with processed wastes up to 50% of its internal volume, which makes
possible the free passage of gases above the charge and the easy removal of dust particles rich in zinc, lead, and
cadmium from the furnace. In this arrangement there are two clearly separated zones in the furnace space: a reducing
environment zone in the part of the furnace containing the charge in the condensed phase in the presence of carbon
and carbon monoxide, and an oxidation environment zone above the charge, where the gaseous products of the reduction
process are finish burnt, the fossil fuels are burnt with oxygen, and the evaporated gases oxidised so that they eventually
leave the furnace space in the form of dust.

Prior to processing, the wastes need to be granulated in order to minimise the furnace fly loss. Granulation consists of
mixing the wastes with other substances such as flux, reduction agents, and binding agents, where the resulting share
by weight of particles 1 mm and larger in size must be at least 50%. Carbon-based reducing agents can be added to
the prepared granulate, and that either prior to charging or into the furnace. Addition in the furnace has the advantage
of affecting the reduction capabilities of the granulated charge in the selected part of the furnace. Carbon added to the
furnace is either injected by means of a nozzle or by using a conveying screw or in batches using a hopper mechanism.
The reduction process in a rotating oven-type furnace provides for the effective separation of slag, iron, and dust rich
in zinc, lead, and cadmium oxides suitable for subsequent processing, where the ZnO content in the separated dust is
proportional to the actual zinc content in the processed charge.

The process described above ensures that the zinc, lead, and cadmium content in the output product is at least 20 times
greater than that in the charge, where the total zinc, lead, and cadmium content was less than 1%, and at least 10 times
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greater than that in a charge with a total zinc, lead, and cadmium content between 1 and 2.5%, and, in the case of a
total zinc, lead, and cadmium content in the furnace charge in excess of 2.5%, the content of these elements in the
output concentrate is at least 25%.

[0025] The necessary reaction temperature is provided by means of an oxygen burner using any gaseous, liquid, or
solid fuels, such as hydrocarbons or powdered coal. The high process efficiency is the result of intense heat transfer,
facilitating the overall thermal efficiency of the heating process and reduction processes and of melting the metallic
wastes (if applicable). The process ensures the attainment of an almost perfect finish burn of the reduced materials and
a high degree of fuel utilisation.

[0026] Processing metallic wastes consists of the reduction of wastes containing zinc, lead, and cadmium by carbon,
where the reduction may occur in the solid, semisolid, or liquid condition of the furnace charge. The controlled reduction
process not only facilitates a progressive reduction of the zinc, lead, and cadmium content in waste materials, but also
provides for the control of the consistency of the output semi-product with respect to its subsequent metallurgical process-
ing.

[0027] Reduction in a solid state is understood to take place if the share of the melt in the mixture of reduced oxides
is less than 20% and the reduction temperature does not exceed 1350°C. In most cases, the basicity of the ballast oxides
such as CaO, SiO, MgO, or Al,O5 need not be modified as the overall waste basicity is sufficient; only exceptionally is
the ratio of CaO to SiO, adjusted to be higher than 1.5 so as to facilitate desulphurisation. The whole process is sensitive
to the composition of the slag. In waste processing, pulverised carbon is added to the charge that is intended to be
reduced in a solid state, so that the charge-mixing action ensures contact between the oxides and carbon and the
reduction process may take effect, whether continually or batch-wise. The reduced metal is magnetically separated,
briquetted, or directly used in the steelworks as a replacement for steel scrap or for the enrichment of the blast-furnace
charge.

[0028] Reduction in a semi-liquid or liquid state at temperatures in excess of 1150°C. The reduced metal will be
carburised by the excess carbon in the reduced charge, which reduces the metal melting temperature to below that
needed for reduction. The carburised drops of metal in the highly viscous slag eventually combine to form nuggets with
dimensions larger than 2 mm. The formation of the nuggets is contingent upon the presence of viscous slag.

[0029] The equipment described in this invention facilitates the processing of metallic wastes containing zinc, lead,
and cadmium. The equipment consists of one or more rotating oven-type furnaces arranged in a battery formation to
achieve the desired production capacity. The charge is fed to the furnace either continuously, which implies that through-
out at least 60% of the reduction time metallic wastes containing zinc, lead, and cadmium are added to the furnace, or
batch-wise. Depending on the processing method, the furnaces have different L/D ratios (L = furnace length, D = internal
furnace diameter). Furnaces for batch waste processing have an L/D ratio less than 10, while furnaces for the continuous
process have an L/D ratio greater than 10. An internal furnace space filled up to no more than 50% with processed
wastes has two clearly separated zones, where Zone 1, with a reduction environment including carbon and carbon
monoxide, is the part of the furnace space containing the charge in the condensed phase, and Zone 2, with an oxidising
atmosphere, is found above the charge where the reduction products are finish burnt, the fossil fuels are burnt in the
presence of oxygen, and the evaporated metals, in particular zinc, are oxidised. The dust fractions thus formed are
removed from the furnace space, and so the CO, content in the exhaustion channel is approximately twice as high as
that of CO.

The oxygen needed for the above reactions is supplied to the furnace via an oxygen burner or, if need be, via an additional
oxygen nozzle with independent flow-rate control.

The reduced material removed from the furnace is deposited in a cooler, where it is cooled in an environment with limited
oxygen access (the cooling agent is not only the air alone).

The main advantage of the method, as of this invention, is the direct utilisation of the chemical potential of fossil fuels
for the heating, reduction, and melting of the charge (if applicable). The technical solution, consisting of the separation
of the zones with oxidation and reduction atmospheres, makes possible the full utilisation of the chemical heat content
in the fuel. The rotating oven-type furnace increases the overall thermal efficiency further, as its design facilitates a very
good heat transfer. The main differences of the method, as of this invention, from the conventional methods of direct
reduction in rotating furnaces are the harmonisation of the technological process with charge materials rich in volatile
substances, such as zinc or lead, the optimisation of the slag function with respect to the temperature and type of reaction
in progress, and, finally, the production of directly reduced iron, zinc concentrate, and inert slag. In particular, it is the
parallel production of DRI and zinc concentrate which makes this process different from the other known methods of
ore processing in rotating furnaces. Regarding the design of the equipment, the method described here uses a relatively
small and compact piece of equipment for waste processing, and the relatively low investment costs and the simplicity
of the process are the main assets in comparison with other waste processing processes. In the cases of furnaces
arranged in batteries, it is possible to utilise most efficiently the capacities of the associated waste gas cleaning station,
charging equipment, and others. The tandem arrangement of furnaces is advantageous in terms of the efficiency of the
pre-heating of the charge. From the technological point of view, the advantage of the process consists of the direct



10

15

20

25

30

35

40

45

50

55

EP 2 216 419 A2

utilisation of the chemical potential of fossil fuels for the processing of metallic wastes. The process itself facilitates
control over the degree of contact of the solid charge with the combustion products.

Comments on graphs/figures

[0030] Figure 1 shows the key characteristics of the process of metallic waste treatment in solid state with special
regard to the gradual decrease of the zinc content in the furnace charge. The graph is based on recalculated values
with respect to the total iron content and does not take into consideration the chemically-bound water content.

[0031] Figure 2 is an example of the progress of reduction in a solid state with special regard to the changes in the
iron forms.

[0032] During the initial heating stage, the wastes are subjected to minor oxidation with the growing Fe,O5 content.
Upon reaching a temperature of 900°C, the rate of the reduction process is significantly increased, as a result of which,
after slightly more than two hours, 90% metallisation is achieved.

[0033] Figure 3 shows examples of the composition of the removed dust following magnetic separation of the iron
particles with respect to the actual zinc and lead content in the furnace charge.

Practical examples of equipment based on the invention

Example 1 Metallic waste refining technology using reduction in solid state and batch-wise waste feeding into
rotating furnace

[0034] The equipment and technology have been designed to ensure the maximum thermal efficiency and minimum
oxidation, within reasonable limits, of the charge and of the material reduced earlier. The requirements thatitis necessary
to satisfy include a high flame temperature, good heat transfer, and a strong reduction atmosphere in the furnace. The
equipment proposed meets these requirements as follows: the high flame temperature is achieved by burning fossil
fuels in combination with oxygen or a mixture of oxygen and preheated air. The reduction atmosphere is created by the
addition of powdered coal, anthracite, coke, or semicoke, or other substances with a high carbon content. The reduction
materials are added in a more than sufficient quantity. In the case of this equipment, the reduction temperature does
not exceed 1200°C.

[0035] Intense heat transfer is achieved by combining several heat-transfer mechanisms, such as:

* direct heating by a flame of the furnace charge at the stage when the surface temperature of the charge is still low;
¢ flame heat radiation on the charge and furnace lining upon reaching the charge surface temperature of 900°C;
* other heat transfer mechanisms associated with the operation of the rotating furnace:

o agitation of the charge, in which relatively cool material appears on or close to the surface and heated material
is transferred from the surface inside the charge bulk;

o the mixing action moves the heated material inside the charge bulk, where it transfers heat to the surrounding
cooler material;

o heat from the furnace lining is transferred to the charge material coming into contact with the furnace body.

[0036] The proposed process is based on the reduction of a solid charge of metallic wastes containing zinc, lead, and
cadmium with an aggregate content between 0.5 and 5% using fossil fuels in an environment of intense heat transfer,
where the zinc content is not limited by the process. Suitable process conditions are created in a rotating furnace.
Sufficient heat transfer is facilitated by the agitation of the charge and the large area available for heat transfer: the
charge is heated not only from the top, but also from the bottom.

[0037] The method used for the processing of metallic waste is similar to that used for ore processing in rotating
furnaces. The main difference on the waste-processing side is the relatively high zinc content and the process outputs,
which are DRI and zinc concentrate. The furnace for the case discussed has an L/D ratio (length to internal furnace
diameter) less than 10. The processing time of the metallic waste depends on the way the charge is mixed with the
carbon-based reduction agents and can be anything between 0.5 to 20 hours, but on average 3 hours. An example of
the progress of zinc evaporation is shown in Fig. 1. Following the initial pre-heating stage, fast reduction sets in, accom-
panied by the evaporation of zinc and lead. The lengths of the heating and reduction stages depend on the degree of
reduction of the furnace space; the lower the utilisation, the shorter the process time. The attainable reduction degree
is 30%, at which point economic aspects need be taken into consideration. A higher reduction degree implies higher
energy costs and the more efficient removal of zinc, lead, and cadmium from the charge. The reduced material is bulked
from the furnace to the cooler, where it is cooled in an oxygen-deficient atmosphere. Then the product is mechanically
treated to permit subsequent magnetic separation. The removed and collected dust is also subjected to magnetic
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separation to produce the final Zn concentrate.

Example 2 Metallic waste refining technology using reduction in solid state and continuous waste feeding into
rotating furnace

[0038] The equipment and technology have been designed to ensure the maximum thermal efficiency and minimum
oxidation, within reasonable limits, of the charge and of the material reduced earlier. The requirements thatitis necessary
to satisfy include a high flame temperature, good heat transfer, and a strong reduction atmosphere in the furnace. The
equipment proposed meets these requirements as follows: a high flame temperature is achieved by burning fossil fuels
in combination with oxygen or a mixture of oxygen and preheated air. The reduction atmosphere is created by the direct
addition into the charge of powdered coal, anthracite, coke, or semicoke, or other substances with a high carbon content.
The reduction materials are added in a more than sufficient quantity so that the mixing of the input substances can also
take place in the furnace during the process. The reduction temperature at the furnace end does not exceed 1200°C.
The charge can be in the form of pellets or briquettes, or fed into the furnace without any pre-processing or initial drying.
The charge is fed continuously.

[0039] Intense heat transfer is achieved by combining several heat-transfer mechanisms, such as:

« direct heating by a flame of the furnace charge at the stage when the surface temperature of the charge is still low;
¢ flame heat radiation on the charge and furnace lining upon reaching the charge surface temperature of 900°C;
* other heat transfer mechanisms associated with the operation of the rotating furnace:

O agitation of the charge, in which relatively cool material appears on or close to the surface and heated material
is transferred from the surface inside the charge bulk;

O the mixing action moves the heated material inside the charge bulk, where it transfers heat to the surrounding
cooler material;

O heat from the furnace lining is transferred to the charge material coming into contact with the furnace body.

[0040] The proposed process is based on the reduction of a solid charge of metallic wastes containing zinc, lead, and
cadmium with an aggregate content between 0.1 and 5% using fossil fuels in an environment of intense heat transfer.
Suitable process conditions are created in a continuous oven-type rotating furnace. Sufficient heat transfer is facilitated
by the agitation of the charge and the large area available for heat transfer: the charge is heated not only from the top,
but also from the bottom.

[0041] The method used for the processing of metallic waste is similar to that used for ore processing in rotating
furnaces. The main difference on the waste-processing side is the relatively high zinc content and the process outputs,
which are DRI and zinc concentrate. The furnace for the case discussed has been extended with an L/D ratio (length
to internal furnace diameter) greater than 10. The processing time of the metallic waste depends on the way the charge
is mixed with the carbon-based reduction agents and can be anything between 0.5 to 20 hours. Following the initial pre-
heating stage, fast reduction sets in, accompanied by the evaporation of zinc and lead. The lengths of the heating and
reduction stages depend on the degree of utilisation of the furnace space; the lower the utilisation, the shorter the process
time. The average reduction degree is in excess of 30%, and is usually as high as 60%. However, for basic zinc removal,
metallisation of about 30% is sufficient. In setting the target reduction value, the economic aspects of the process should
be taken into consideration. A higher reduction value implies higher energy costs, while the degree of zinc, lead, and
cadmium removal is not significantly affected. The reduced material is bulked from the furnace into a continuous cooler,
where it is cooled in an oxygen-deficient atmosphere. Then the product is mechanically treated to permit subsequent
magnetic separation. The removed and collected dust is also subjected to magnetic separation to produce the final Zn
concentrate.

Example 3 Metallic waste refining technology using reduction in semi-liquid or liquid state and batch-wise
waste feeding

[0042] The equipment and technology have been designed to ensure the maximum thermal efficiency and minimum
oxidation, within reasonable limits, of the charge and of the material reduced earlier. The requirements thatitis necessary
to satisfy include a high flame temperature, good heat transfer, and a strong reduction atmosphere in the furnace. The
equipment proposed meets these requirements as follows: the high flame temperature is achieved by burning fossil
fuels in combination with oxygen or a mixture of oxygen and preheated air. The reduction atmosphere is created by the
addition of powdered coal, anthracite, coke, or semicoke, or other substances with a high carbon content. The reduction
materials are added in a more than sufficient quantity. In the case of this equipment, the reduction temperature is in
excess of 1150°C.
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[0043] Intense heat transfer is achieved by combining several heat-transfer mechanisms, such as:

* direct heating by a flame of the furnace charge at the stage when the surface temperature of the charge is still low;
¢ flame heat radiation on the charge and furnace lining upon reaching the charge surface temperature of 900°C;

e agitation of the highly viscous slag;

e other heat transfer mechanisms associated with the operation of the rotating furnace:

O agitation of the charge, in which relatively cool material appears on or close to the surface and heated material
is transferred from the surface inside the charge bulk;

O the mixing action moves the heated material inside the charge bulk, where it transfers heat to the surrounding
cooler material;

O heat from the furnace lining is transferred to the charge material coming into contact with the furnace body.

[0044] The proposed process is based on the reduction of a solid charge of metallic wastes containing zinc, lead, and
cadmium with an aggregate content of the same in slag in a pasty-to-liquid state between 0.5 and 5% using fossil fuels
in an environment of intense heat transfer. Suitable process conditions are created in an oven-type rotating furnace.
Sufficient heat transfer is facilitated by the agitation of the charge and the large area available for heat transfer: the
charge is heated not only from the top, but also from the bottom.

[0045] The method used for the processing of metallic waste is similar to that used for ore processing in rotating
furnaces. The main difference on the waste-processing side is the relatively high zinc content and the process outputs,
which are DRI and zinc concentrate. The furnace for the case discussed has an L/D ratio (length to internal furnace
diameter) less than 10. The charge must be modified so that the CaO/SiO, ratio is 0.05 to 1.5 and the SiO,/Al,O5 ratio
is 1.5 to 8. This can be achieved by the addition of fine-grained SiO,-base materials such as fine fractions of silica sand
or various wastes rich in SiO, for example power-plant fly ash. The advantages of fly ash are its low price, very fine
granulation, and the presence of carbon suitable for the reduction purposes. Al,O5, CaO, or MgO or their mixtures can
also be added to the furnace charge. The chemical composition of the slag should be modified so as to ensure that the
viscosity of the slag is high, with a pasty-to-honey-like consistency. The rolling of the slag in the oven-type rotating
furnace helps facilitate the desired intense mass transfer inside the furnace and consequently consolidates the drops
of reduced metal. The slag is saturated with materials prevailing in the composition of the furnace lining, which reduces
the potential interaction between the slag and lining. The disadvantage of the use of low-basicity slag is the increased
sulphur content of the reduced material. The sulphur content can be adjusted by the selection of suitable input materials,
in particular the reduction agents. The process length depends on the manner in which the charge and the carbon-based
reduction agents are mixed, and it can be anything between 0.5 and 20 hours. Following the initial heating stage, fast
reduction sets in, with subsequent progressive iron carburising and smelting. Minute metal drops in the slag consolidate
to form larger drops. The lengths of the heating and reduction stages depend on the degree of utilisation of the furnace
space; the lower the utilisation, the shorter the process time. The reduction degree is typically between 30 and 60%,
but higher metallisation values pose no problem for the equipment. In setting the target reduction value, the economic
aspects of the process should be taken into consideration. A higher reduction value implies higher energy costs, while
the degree of removal of zinc, lead, and cadmium is not significantly affected. The reduced material is bulked from the
furnace into a cooler bin, where it is cooled jointly with the pasty slag in an oxygen-deficient atmosphere. Then the
product is mechanically treated to permit subsequent magnetic separation. The reduced metal can be further processed
to make iron in a blast furnace or pressed into blocks and used as a replacement for scrap in steel-making processes.
The removed and collected dust is also subjected to magnetic separation to produce the final Zn concentrate.

Example 4 Metallic waste refining technology using reduction in semi-liquid or liquid state and continuous
waste feeding into rotating furnace

[0046] The equipment and technology have been designed to ensure the maximum thermal efficiency and minimum
oxidation, within reasonable limits, of the charge and of the material reduced earlier. The requirements thatitis necessary
to satisfy include a high flame temperature, good heat transfer, and a strong reduction atmosphere in the furnace. The
equipment proposed meets these requirements as follows: a high flame temperature is achieved by burning fossil fuels
in combination with oxygen or a mixture of oxygen and preheated air. The reduction atmosphere is created by the
addition to the furnace charge of powdered coal, anthracite, coke, or semicoke, or other substances with a high carbon
content. To ensure a high degree of reduction, the reduction materials are added in a more than sufficient quantity. In
the case of this equipment, the reduction temperature is in excess of 1150°C.

[0047] Intense heat transfer is achieved by combining several heat-transfer mechanisms, such as:

e direct heating by a flame of the furnace charge at the stage when the surface temperature of the charge is still low;
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¢ flame heat radiation on the charge and furnace lining upon reaching the charge surface temperature of 900°C;
e agitation of the highly-viscous slag;
* other heat transfer mechanisms associated with the operation of the rotating furnace:

O agitation of the charge, where relatively cool material appears on or close to the surface and heated material
is transferred from the surface inside the charge bulk;

O the mixing action moves the heated material inside the charge bulk, where it transfers heat to the surrounding
cooler material;

O heat from the furnace lining is transferred to the charge material coming into contact with the furnace body

[0048] The proposed process is based on the reduction of the solid charge of metallic wastes containing zinc, lead,
and cadmium with an aggregate content of the same in slag in a pasty-to-liquid state between 0.5 and 5% using fossil
fuels in an environment of intense heat transfer. Suitable process conditions are created in an oven-type rotating furnace.
Sufficient heat transfer is facilitated by the agitation of the charge and the large area available for heat transfer: the
charge is heated not only from the top, but also from the bottom.

[0049] The method used for the processing of metallic waste is similar to that used for ore processing in rotating
nodulising furnaces. The main differences on the waste-processing side are the relatively high zinc content in the furnace
charge, the large quantity of dust fractions (in excess of 2% of the charge weight), and the furnace design, where the
L/D ratio (length to internal furnace diameter) is greater than 10. The charge must be modified so that the CaO/SiO,
ratio is 0.05 to 1.5 and the SiO,/Al,O; ratio is 1.5 to 8. This can be achieved by the addition of fine-grained SiO,-base
materials such as fine fractions of silica sand or various wastes rich in SiO, for example power-plant fly ash. The
advantages of fly ash are its low price, very fine granulation, and the presence of carbon suitable for reduction purposes.
Al,O4, Ca0, or MgO, or their mixtures can also be added to the furnace charge. The chemical composition of the slag
should be modified so as to ensure that the viscosity of the slag is high (the slag should be of a pasty consistency). The
rolling of the slag in the oven-type rotating furnace helps facilitate the desired intense mass transfer inside the furnace
and consequently consolidates the drops of reduced metal. The slag is saturated with materials prevailing in the com-
position of the furnace lining, which reduces the chemical interaction between the slag and lining. The disadvantage of
the use of low-basicity slag is the increased sulphur content of the reduced material. The sulphur content can be adjusted
by the selection of suitable input materials, in particular reduction agents. The process length depends on the manner
in which the charge and the carbon-based reduction agents are mixed, and it can be anything between 0.5 and 20 hours.
Following the initial heating stage, fast reduction sets in, with subsequent progressive iron carburising and smelting.
Minute metal drops in the slag consolidate to form larger drops. The lengths of the heating and reduction stages depend
on the degree of utilisation of the furnace space; the lower the utilisation, the shorter the process time. The reduction
degree is typically between 30 and 60%, but higher metallisation values pose no problem for the equipment. In setting
the target reduction value, the economic aspects of the process should be taken into consideration. A higher reduction
value implies higher energy costs, but the results of the zinc, lead, and cadmium removal process will be better. The
reduced material is bulked from the furnace into a cooler bin, where it is cooled jointly with the pasty slag in an oxygen-
deficient atmosphere. Then the product is mechanically treated to permit subsequent magnetic separation. The reduced
metal can be further processed to make iron in a blast furnace or pressed into blocks and used as a replacement for
scrap in steel-making processes. The removed and collected dust is also subjected to magnetic separation to produce
the final Zn concentrate.

Claims

1. Method of refining metallic wastes rich in iron and originating from pig-iron or steel-making or metal processing,
such as slurries and dust from steel-making, i.e. reducing the zinc and lead content using fossil fuels in conditions
of intense heat transfer with increased overall thermal efficiency and accelerated mass transport, where the input
metallic wastes unsuitable for immediate utilisation in a blast furnace or for agglomeration because of their high
zinc content, i.e. a content in excess of 0.015%, or the presence of non-polar substances are first mixed with
reduction agents, flux, and binding agents, where the content of metallic wastes is at least 40%;
the original waste granulation is modified so that the weight of the particles with a diameter in excess of 1 mm is at
least 50% of the total waste weight; the reduction environment is created by the addition of materials with a high
carbon content;
the quantity of the reduction agent, in kg of carbon in the reduction agent per kg of the metallic waste, is calculated
on the basis of the waste composition free of flux and binding agents as follows:
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C (kg of C per kg of metallic waste) >0.0065 [(0.05%Pb + 0.15%Cd + 0.15%Zn +
0.16%MnO + 0.17%FeO + 0.23%Fe,03) - %C]

the waste treatment process takes place in a rotating furnace or a battery of rotating furnaces with batch or continuous
charge feeding; in general, continuous furnaces are preferred because of their higher operational efficiency;

the high temperature needed to facilitate the endothermic reactions/processes of reduction and evaporation is
achieved by means of a fossil-fuel burner where the type of fuel is not specific for the process and the burning
process is supported by oxygen, a mixture of air and oxygen, or pre-heated air where the oxygen quantity is greater
than that of the fuel by at least 2%;

the rotating furnace is filled with a charge occupying not more than 50% of the internal furnace space so that two
separate zones might be naturally created, i.e. the oxidation and reduction/pre-heating zones;

the reduction and pre-heating zone is found in the part of the furnace occupied by the charge in condensed phase
where the charge is subjected to heat and reduction to give rise to the output product with a significantly reduced
zinc, lead, and cadmium content and a higher iron content;

the oxidation zone is found above the furnace charge where the combustion products accumulate and the reduction
products such as carbon monoxide and gaseous metals (e.g. zinc) are subjected to an oxidation process, giving
rise to gases and dust, where the oxidation action is facilitated by feeding oxygen or pre-heated air into the space
above the furnace charge, and where the oxygen/air quantity supplied is such that the CO, content in the combustion
products at the furnace end is at least twice as high as that of CO;

in the arrangement described above, a combustion front is formed at the interface of said zones where the reduction
products are oxidised by the free oxygen found in the furnace atmosphere to produce CO, and solid zinc, lead, and
cadmium oxides;

in the above arrangement, gases may flow freely above the furnace charge, which makes for the easy extraction
of the dust fractions rich in zinc, lead, and cadmium from the furnace space;

the actual process can be described as follows:

« intense mass and heat transfer is facilitated by the rotation of the furnace at a speed of at least 0.1 r.p.m. at
a temperature above 400°C;

« the furnace charge is first dried and pre-heated;

« the waste-refining process commences upon the reduction and evaporation temperatures being reached;
regarding the reduction of solid oxides, the recommended temperature is 900 to 1350°C, for the reduction of
oxides in a pasty or liquid state, temperatures in excess of 1150°C;

« the process time depends on the required final zinc content determined by regularly repeated chemical anal-
yses.

Method of refining metallic wastes as of Claim 1 above, where the output product is DRI with a metallisation degree
of at least 25% (in the case of solid-state refining) or at least 50% (in the case of pasty- or liquid-state refining),
where the aggregate zinc, lead, and cadmium content has been reduced to at least one third of the original value
and where the process with more thorough reduction makes possible a 100-fold or greater reduction in the zinc,
lead, and cadmium content.

Method of refining metallic wastes as of Claim 1 above, where the output refined product is force-cooled at a rate
of at least 200°C/hour and subsequently subjected to magnetic separation, yielding an iron concentrate that may
either be briquetted or used directly in steelworks as a replacement for scrap or agglomeration charge or processed
in a blast furnace.

Method of refining metallic wastes as of Claim 1 above, where the second process product is zinc concentrate in
which the zinc, lead, and cadmium content is at least 20 times greater than that in the original furnace charge with
an aggregate zinc, lead, and cadmium content less than 1%, or 10 times greater for an aggregate zinc, lead, and
cadmium content in the original furnace charge between 1 and 2.5%, or at least 25% in cases where the aggregate
zinc, lead, and cadmium content in the charge is in excess of 2.5%.

Method of refining metallic wastes as of Claim 1 above, where the second process product, i.e. the zinc concentrate

is, upon cooling below the temperature of 350°C, further refined by means of magnetic separation so that the iron
content in the Zn concentrate is further reduced and the separated iron can either be used directly in the steelworks
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or recycled in a rotating furnace.

Equipment to facilitate the process as of Claims 1 through to 5, where one or more rotating oven-type furnaces is
used or are arranged in a battery as needed in view of the desired capacity of the metallic waste processing
equipment, where the furnace charge is either fed continuously, which means that during at least 60% of the reduction
period the metallic waste containing zinc, lead, and cadmium is fed into the furnace, or the charge is fed into the
rotating oven-type furnace in batches;

the waste-processing furnaces may differ from one another in their L/D parameters, where L is the furnace length
and D the internal diameter and where, in the cases of continuous-charge feeding, the furnaces are longer with an
L/D value equal to 10 or more and, in the cases of batch-charge feeding, the L/D parameter does not exceed 10;
in an internal furnace space filled up to 50% with the processed waste, two separate zones are naturally created,
where Zone 1, with a reduction atmosphere, is the furnace part containing the charge in the condensed phase in
the presence of carbon and carbon monoxide, and Zone 2, with an oxidising atmosphere, is found above the furnace
charge, where the finish burning of the gaseous reduction products takes place, as well as the burning of fossil fuels
mixed with oxygen and the oxidation of evaporated metals that are eventually extracted from the furnace space in
the form of dust.

Equipment to facilitate the process as of Claim 6, where the rotating oven-type furnace or a battery of such furnaces
is equipped with a finish-burning nozzle to feed into the furnace oxygen or air to oxidise zinc.

Equipment to facilitate the process as of Claim 6, where the rotating oven-type furnace or a battery of such furnaces
is equipped with handling equipment making possible the feeding of flux and reduction agents into the furnace
during the waste treatment process.

Equipment to facilitate the process as of Claim 6, where the rotating oven-type furnace or a battery of such furnaces

is equipped with cooling equipment facilitating the controlled cooling of the process products under conditions of
limited DRI oxidation.
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